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Abstract
This research is concerned with organisms isolated from soils contaminated with heavy metals in
industrial and residential areas in the city of Mosul, the center of Nineveh Governorate, and the diagnosis
of these organisms using molecular biology technique. Samples were collected from four locations in the
city between the industrial area and residential neighborhoods.

Soil samples were analyzed and dilutions were prepared, then the dilutions were grown on potato extract
and dextrose (PDA) medium for the development of fungi and Nutrient agar for bacterial development.
The dilutions were planted by casting method by three replications, then the process of purifying the
fungal and bacterial colonies was carried out using the traditional methods. For the purpose of
diagnosing these pure colonies using PCR technique, colonies of fungi were grown on the medium of
PDA, and bacteria were grown on the medium of nutritious broth.

As a result, nine fungal species were diagnosed, two of them are new undiagnosed genera that have been
registered in the gene bank, four of them contain genetic mutations, and three of them are known and
previously diagnosed fungi. As for bacteria, two new strains were isolated and registered in the gene bank
among the four types that were diagnosed. And some of these genera exhibited severe resistance to
antibiotics, while others showed moderate resistance, in contrast to the control, which was very sensitive
to antibiotics.

Introduction
A “heavy metal” is any element that has metallic properties (such as luster, electrical and thermal
conductivity), and a relatively high density. Although essential heavy metals are required in many
biological processes such as growth and function at low concentrations, they are harmful if they exceed
the required concentration. (Hughes and Poole, 1991; Bazzi et al., 2020).

High concentrations of toxic metals in soils are a serious environmental problem worldwide, which can
pose signi�cant risks to human health through various exposure pathways. Oral ingestion, inhalation of
volatile and particulate matter, and dermal contact are the most important pathways of human exposure
to metal-contaminated urban soils. Children are more likely to be exposed to toxic metals in urban soils
than adults because they may absorb through the skin, ingest or inhale large amounts of toxic metals
during their outdoor activities and play (Karim and Qureshi, 2014). The most toxic heavy metals to plants
such as lead (Pb), arsenic(As),. cadmium (Cd) and mercury (Hg) are metals found in the soil, which are
highly mobile and are immediately absorbed by plants. Also, copper (Cu), chromium (Cr), zinc (Zn),
selenium (Se), molybdenum (Mo), tin (Sn), and nickel (Ni), which cause environmental pollution and
health risks (Dhalaria et al., 2020). (Rahman, 2020) stated in his study that pollution with heavy metals
produced negative effects such as mutagenic, teratogenic and carcinogenic effects in humans and
wildlife.
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Metal resistance is de�ned as the ability of an organism to survive and counteract metal toxicity by
various mechanisms produced in direct. response to the metal species involved (Mehra &Winge,1991;
Prasenjit & Sumathi, 2005 ) or that this resistance is due to changes to the genetic material through
mutations or the addition of new genetic material (Bennett, 2008).

The term "antibiotics" was used for the �rst time in 1942 by the scientist Waksman, who de�ned
antibiotics as metabolic substances produced by microorganisms that inhibit the growth of other
microorganisms and do not affect the bacteria that produce them. Antibiotics target speci�c bacterial
structures or processes, and may act by inhibiting growth, directly killing the organism, or by combining
both mechanisms. (Manad, 2007; Aminov & Mackie ,2007; Pal et al., 2017 ; Dweba et al., 2018).

Most heavy metals are non-degradable and persist in the environment, and many species have evolved
resistance mechanisms to combat metal toxicity. Heavy metals can cause selective pressure on microbial
populations leading to antimicrobial resistance through a mechanism called "co- selection” (Seiler and
Berendonk, 2012; Li et al., 2017b).

This study aims to analyze soil samples contaminated with heavy metals to isolate and identify
microorganisms (bacteria and fungi) thriving in this environment and investigate the sensitivity of
isolated microorganism to antibacterial and antifungal agents respectively.

Methods
Sample collection sites

Samples were collected from four areas: the �rst and second from near a local electricity generator inside
a residential area and within an industrial area, the third and fourth samples from near car repair and
maintenance shops in a residential area and industrial area in the city, as shown in Figure (1). The
sample collection process was carried out using a sterile drilling tool and sterile sample collection bags
with a depth of (0-15) cm.

Isolation

The dilution method was used to isolate the organisms from the soil, by taking 10 g of soil sample and
placing it in a sterile glass beaker containing 90 ml of sterile distilled water and shaking it well to obtain a
dilution (10-3). The dishes were incubated upside down at 28 °C for 7 days for PDA medium, and at 37 °C
for one day for nutrient agar (NA) medium. Then the colonies were puri�ed by repeated transfer on the
culture media, and the puri�ed cultures were kept on slant, kept in the refrigerator, renewed every month
and used when needed. (Meysami and Baheri, ,2003).

Diagnosis

Fungal and bacterial species isolated from soil samples were characterized by Polymerase Chain
Reaction, (PCR), by amplifying the Internal transcribed spacer (ITS) region preserved in the fungal
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DNA (Altaee , 2018 ; Abdulla , 2020).

Study of Heavy metals Effect on the growth of living organisms (bacteria and fungi)          

Two minerals were selected for the study, namely lead and zinc, and the development of microorganisms
on different concentrations of these minerals and observation of the changes that occur in them and their
resistance to these concentrations. Fungi were cultured in PDA medium containing heavy metal
separately at concentrations of (25, 50, 100, 150, 200 , 300, 400, 500, 600, 700, 800, 900, 1000) ppm and
incubated for 7 days. The fungus with the highest growth on the metal was taken and grown with
different concentrations of the antifungal (nystatin) and compared with the fungus grown without metal
as a control. Bacteria were cultured in nutrient broth and incubated for one day, then cultured on a petri
dish containing NA by wiping the plate with a cotton swap on each plate, then drilling in the culture
medium to apply the concentrations of minerals In it, using a micropipette with a volume of 100 μl, and
incubated for one day .

 Cultivation of living organisms with Antibiotics

A spore suspension of mushrooms was made and distributed on the plate containing the medium of the
PDA, then digging was made and the antifungal (nystatin) was placed in it at concentrations of (25%,
50%, 75%, 100%) and the dish was incubated in the fungi incubator for seven days. As for the bacteria,
the plate containing the agar-nutrient medium was wiped with bacteria grown on the broth fed with
cotton, then antibiotic tablets were distributed on the surface of the medium and incubated in the bacteria
 incubator for one day (Bhalodia et al., 2011; Tokarzewskiet et al., 2012).

Results And Discussion
The results of the current study of the organisms isolated from the soil showed the genera shown in
Tables (1 and 2).

Study of resistance of microorganisms to heavy metals

Despite the importance of mineral elements to organisms for growth and function such as potassium
and magnesium and some trace elements such as manganese, iron, copper, zinc and molypodium, high
concentrations of some of them are toxic and harmful (Hughes and Poole, 1991; Osredkar and Šuštar,
2011). , zinc and lead were chosen in the study based on previous research on heavy metals in the city of
Mosul, the most recent of which was a study (Znad and Al-Sinjary, 2020). Low concentrations of the
mineral, as shown in pink in Tables (3 and 4), through an increase in the diameter of the colony and an
increase in its number, then the growth gradually decreased until the death of the organism ,This is
consistent with the study (Osredkar and Šustar, 2011; Raftos and Radford, 2015) which indicate that
minerals at low concentrations are nutritious to the organism, but their toxicity appears by increasing
these concentrations. Some species were slightly inhibited, but remained resistant even at a
concentration of 1000 ppm of metal, and this is in line with what was stated (Pal et al., 2017) where
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organisms can acquire resistance as a result of the presence of some metals in high concentrations of
more than a few thousand mg / kg (ppm).

Fungi are highly resistant compared to many other microorganisms due to their high tolerance to high
temperatures and acidity, low nutrients, and high levels of minerals but this adaptation and resistance is
demonstrated by changing the abundance and structure of the fungal community (El Ghait, 2015; Lin et
al. , 2020; Zhao et al., 2019), and this appeared in our study in a change in the color and density of
hyphae and colonies for many species. These studies also indicated that the fungi of the type Aspergillus
and Penicillium were more resistant to heavy metals than the rest of the species, in addition to their
ability to biologically absorb some metals such as cadmium, lead and nickel, and their positive
correlation with low levels of zinc and lead contamination, which is consistent with the results of the
current study.

Heavy metals in trace amounts are necessary for the growth of bacteria, but they can be stress factors
affecting the synthesis of proteins in them. (Zhou et al., 2015). Bacteria were cultured with different
concentrations of heavy metals starting from 25 to 2000 ppm. The three bacterial species isolated from
contaminated soil, in addition to bacteria isolated from contaminated aquatic environment, were
sensitive to zinc at small concentrations, starting from a concentration of 100 ppm, as shown in Tables
(3 and 4) In contrast to lead, which had a positive effect on it at low concentrations of the metal, which is
consistent with most studies, but it showed a negative effect starting from a concentration of 1400 ppm
for three races, and the fourth race remained resistant to the rise in metal concentration, and this may be
a result in response to toxic metal stress and developing some survival mechanisms in their genome,
such as producing a variety of enzymes and proteins that help them overcome this stress, as explained in
his study (Das et al., 2016).

In general, the bacterial species did not show a strong resistance to metals. This may be due to the fact
that all bacterial species in this study are Gram-positive bacteria, and unlike Gram-negative bacteria, as
stated in the study (Nguyen et al., 2019), they tend to produce higher levels of resistance. Compared to
valued positive bacteria .

Cultivation of microorganisms with antibiotics        

The results of the current study, as shown in Figure (2), showed that the species Aspergillus tubingensis,
Penicillium consobrinum SANA-3, Aspergillus sp E30 were almost moderately resistant, while Fungal sp.
SANA-5 was resistant without metal and in all antifungal concentrations, while it was sensitive with the
presence of metal. Its explanation may be what was stated in a study (Morkunas et al., 2018, Rahman
and Singh, 2019) where heavy metals have negative effects on the growth of microbes. Soil and fungi,
the inhibition of fungal growth comes as a result of the accumulation of heavy metals in the fungal cells.

Alternaria alternate isolate from non-contaminated environment (as a control) was cultured with
antifungal. The results showed that the fungus was very sensitive to the antifungal and much more than
the fungi isolated from the contaminated environment. This is consistent with what was stated in a
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previous study which reported that isolates from contaminated soil are more resistant than isolates from
unpolluted environment (Raftos and Radford, 2015).

With regard to culturing bacteria with antibiotic tablets, the results showed resistance of all strains to
amoxicillin and metronidazole, and Streptococcus bacteria resistant to tetracycline, gentmycin and
azithromycin as well. As shown in Table (5) and by comparing the damping diameter with the special
tables in some sources (Bhalodia et al., 2011; Tokarzewski et al., 2012; Aditi et al., 2017)

Streptococcus bacteria, which had the highest resistance among the bacterial genera under investigation,
is a bacterium isolated from contaminated water. This resistance is explained by (Dweba, Zishiri and El
Zowalaty, 2018) in that these bacteria is characterized by its ability to rapidly develop antimicrobial
resistance. The reason for this resistance may be Also, the biological availability of heavy metals in water
is more than their biological availability in soil. It was mentioned (Glibota et al., 2020) in a study that soil
and its quality have an impact on the biological availability of minerals and the presence of linking
elements as well as bacterial and biological groups and the concentration of organic gases such as
methane and ethane and the formation of complexes .

To determine the severity of bacterial resistance to antibiotics, the multiple antibiotic resistance (MAR)
index was adopted, which came in the study (Mandal et al., 2016) and (Dweba et al., 2019). whereas

MAR = the number of antibiotics that the isolate showed resistance to / the number of total antibiotics
exposed to the isolate.

It is interpreted as

MAR ≥ 0.2 as increased risk of antibiotic contamination.

MAR < 0.2 Low risk.

The results of the isolates were between (0.5-0.2), which indicates a high risk of antibiotic contamination,
and that all these strains originated from a high-risk source of contamination.

Conclusion
Heavy metals, a large part of them are naturally present, but they are toxic only if they are soluble in water
and bioavailable, and this comes as a result of human activities most of the time. The current results, in
addition to the results of previous studies, show an overlap between heavy metal contamination and its
resistance by microorganisms and the resistance of this organism to antibiotics, as heavy metals are an
important factor in making organisms resistant to antibiotics. The outcomes of this study will
signi�cantly contribute to the current body of knowledge of research towards public and veterinary health
especially in developing countries and highlight the importance of ful�lling one-health attitudes to lower
the ongoing spread of antimicrobial resistance.
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Figure 1

Sample collection sites in the city of Mosul
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Figure 2

Diameter of inhibition when cultivating fungal species with antifungal.
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